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1
METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN A WIRELESS COMMUNICATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/269,393, filed on May 5, 2014, now U.S.
Pat. No. 9,295,039, which is a continuation of U.S. patent
application Ser. No. 13/279,215, filed on Oct. 21, 2011, now
U.S. Pat. No. 8,755,343, which claims the benefit of earlier
filing date and right of priority to Korean Patent Application
No. 2011-0103023, filed on Oct. 10, 2011 and U.S. Provi-
sional Patent Application Nos. 61/444,770, filed on Feb. 20,
2011, 61/409,118, filed on Nov. 2, 2010, and 61/405,624,
filed on Oct. 21, 2010, the contents of which are hereby
incorporated by reference herein in their entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method and apparatus for
transmitting control information in a wireless communica-
tion system supporting carrier aggregation (CA).

BACKGROUND ART

Wireless communication systems have been diversified in
order to provide various types of communication services
such as voice or data service. In general, a wireless com-
munication system is a multiple access system capable of
sharing available system resources (bandwidth, transmit
power or the like) so as to support communication with
multiple users. Examples of the multiple access system
include a Code Division Multiple Access (CDMA) system,
a Frequency Division Multiple Access (FDMA) system, a
Time Division Multiple Access (TDMA) system, an
Orthogonal Frequency Division Multiple Access (OFDMA)
system, a Single Carrier Frequency Division Multiple
Access (SC-FDMA) system, and the like.

DISCLOSURE

[Technical Problem]

An object of the present invention is to provide a method
and apparatus for efficiently transmitting control informa-
tion in a wireless communication system. Another object of
the present invention is to provide a channel format and a
signal processing method and apparatus for efficiently trans-
mitting control information. Another object of the present
invention is to provide a method and apparatus for efficiently
allocating resources used to transmit control information.

The technical problems solved by the present invention
are not limited to the above technical problems and those
skilled in the art can understand other technical problems
from the following description.

[Technical Solution]

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method for transmitting a
physical uplink control channel (PUCCH) signal by a com-
munication apparatus in a wireless communication system
includes setting transmit power for the PUCCH signal. If the
PUCCH signal is transmitted on a subframe configured for
a scheduling request (SR), the PUCCH signal includes one
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2

or more hybrid automatic repeat request acknowledgement
(HARQ-ACK) bits and an SR bit, and the transmit power for
the PUCCH is determined by using the following equation:

Ryaro +nsg — 1

W)= =

where, 1, is associated with the number of informa-
tion bits of HARQ-ACK, N denotes a positive integer, and
N is 1 when a transport block for an uplink shared channel
(UL-SCH) is not present at the subframe and is 0 when the
transport block for the UL-SCH is present at the subframe.

In another aspect of the present invention, a communica-
tion apparatus configured to transmit a physical uplink
control channel (PUCCH) signal in a wireless communica-
tion system includes a radio frequency (RF) unit, and a
processor configured to set transmit power for the PUCCH
signal. If the PUCCH signal is transmitted on a subframe
configured for a scheduling request (SR), the PUCCH signal
includes one or more hybrid automatic repeat request
acknowledgement (HARQ-ACK) bits and an SR bit, and the
transmit power for the PUCCH is determined by using the
following equation:

Ryaro +nsg — 1

W)= =

where, g,z is associated with the number of informa-
tion bits of HARQ-ACK, N denotes a positive integer, and
N is 1 when a transport block for an uplink shared channel
(UL-SCH) is not present at the subframe and is 0 when the
transport block for the UL-SCH is present at the subframe.

The transmit power for the PUCCH signal at a subframe
i may be determined by using the following equation:

Ppyccn(D) =
. { Peaax (i) }
min , .
Po_pucc + PLc + h(-) + Ar_pyccu(F) + App(F') + g (i)

where, Pp.-cg(1) denotes transmit power for the
PUCCH, P45 (i) denotes maximum transmit power con-
figured for a serving cell ¢, P, py ey denotes a parameter
configured by a higher layer, PL_ denotes a downlink path
loss estimation value of the serving cell ¢, Az ppeew(F)
denotes a value corresponding to a PUCCH format, Az, ,(F")
denotes a value configured by the higher layer or 0, and g(i)
denotes a current PUCCH power control adjustment state.

If a transport block for an uplink shared channel (UL-
SCH) is not present in the subframe, the SR bit indicates
actual SR information and, if a transport block for an uplink
shared channel (UL-SCH) is present in the subframe, the SR
bit indicates dummy information. The dummy information
may have a predetermined value. For example, if the SR bit
indicates dummy information, the SR bit may be set to a
predetermined value of 0 or 1 and may be preferably set to
0.

The SR bit may be attached to the end of the one or more
HARQ-ACK bits.

The SR bit may be set to 1 in case of a positive SR and
may be set to 0 in case of a negative SR.
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The one or more HARQ-ACK bits and the SR bit may be
joint-coded.

The communication apparatus may be configured with a
simultaneous PUCCH-and-physical uplink shared channel
(PUSCH) transmission mode.

N may be 2 or 3.

The one or more HARQ-ACK bits and the SR bit may be
joint-coded.

The PUCCH signal may be a PUCCH format 3 signal.

ADVANTAGEOUS EFFECTS

According to the present invention, it is possible to
efficiently transmit control information in a wireless com-
munication system. In addition, it is possible to provide a
channel format and a signal processing method for effi-
ciently transmitting control information. In addition, it is
possible to efficiently allocate resources used to transmit
control information.

The effects of the present invention are not limited to the
above-described effects and those skilled in the art can
understand other effects from the following description.

DESCRIPTION OF DRAWINGS

The accompanying drawings which are included as a
portion of the detailed description in order to help under-
standing of the present invention provide embodiments of
the present invention and describes technical mapping of the
present invention along with the detailed description.

FIG. 1 is a view showing physical channels used for a 3"¢
Generation Partnership Project (3GPP) Long Term Evolu-
tion (LTE) system, which is an example of a wireless
communication system, and a general signal transmission
method using the same.

FIG. 2 is a diagram showing a structure of a radio frame.

FIG. 3A is a diagram showing an uplink signal processing
procedure.

FIG. 3B is a diagram showing a downlink signal process-
ing procedure.

FIG. 4 is a diagram showing a Single Carrier Frequency
Division Multiple Access (SC-FDMA) scheme and an
Orthogonal Frequency Division Multiple Access (OFDMA)
scheme.

FIG. 5 is a diagram showing a signal mapping scheme on
a frequency domain satisfying a single carrier property.

FIG. 6 is a diagram showing a signal processing proce-
dure of mapping DFT process output samples to a single
carrier in a clustered SC-FDMA.

FIGS. 7 and 8 are diagrams showing a signal processing
procedure of mapping DFT process output samples to mul-
tiple carriers in a clustered SC-FDMA scheme.

FIG. 9 is a diagram showing a signal processing proce-
dure in a segmented SC-FDMA scheme.

FIG. 10 is a diagram showing the structure of an uplink
subframe.

FIG. 11 is a diagram showing a signal processing proce-
dure of transmitting a reference signal (RS) in the uplink.

FIGS. 12A and 12B are diagrams showing a demodula-
tion reference signal (DMRS) for a physical uplink shared
channel (PUSCH).

FIGS. 13 to 14 are diagrams showing slot level structures
of physical uplink control channel (PUCCH) formats 1a and
1b.

FIGS. 15 and 16 are diagrams showing slot level struc-
tures of PUCCH formats 2/2a/2b.
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FIG. 17 is a diagram showing ACK/NACK channeliza-
tion of PUCCH formats la and 1b.

FIG. 18 is a diagram showing channelization of a struc-
ture in which PUCCH formats 1/1a/lb and formats 2/2a/2b
are mixed within the same PRB.

FIG. 19 is a diagram showing allocation of a PRB used to
transmit a PUCCH.

FIG. 20 is a conceptual diagram of management of a
downlink component carrier in a base station (BS).

FIG. 21 is a conceptual diagram of management of an
uplink component carrier in a user equipment (UE).

FIG. 22 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a BS.

FIG. 23 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a UE.

FIG. 24 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a BS.

FIG. 25 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a UE.

FIG. 26 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a BS.

FIG. 27 is a conceptual diagram of the case where one or
more MAC layers manages multiple carriers in view of
reception of a UE.

FIG. 28 is a diagram showing asymmetric carrier aggre-
gation (CA) in which a plurality of downlink (DL) compo-
nent carriers (CCs) and an uplink (UL) CC are linked.

FIGS. 29A to 29F are diagrams showing a structure of
PUCCH format 3 and a signal processing procedure there-
for.

FIG. 30 is a flowchart illustrating a UL transmission
process according to the existing 3GPP Rel-8/9;

FIG. 31 is a diagram showing a process of transmitting
control information through a PUCCH according to an
embodiment of the present invention; and

FIG. 32 is a diagram showing a BS and a UE applicable
to the present invention.

MODE FOR INVENTION

The following technologies may be utilized in various
wireless access systems such as a Code Division Multiple
Access (CDMA) system, a Frequency Division Multiple
Access (FDMA) system, a Time Division Multiple Access
(TDMA) system, an Orthogonal Frequency Division Mul-
tiple Access (OFDMA) system, or a Single Carrier Fre-
quency Division Multiple Access (SC-FDMA) system. The
CDMA system may be implemented as radio technology
such as Universal Terrestrial Radio Access (UTRA) or
CDMA2000. The TDMA system may be implemented as
radio technology such as Global System for Mobile com-
munications (GSM)/General Packet Radio Service (GPRS)/
Enhanced Data Rates for GSM Evolution (EDGE). The
OFDMA system may be implemented as radio technology
such as IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802-20 or E-UTRA (Evolved UTRA). The UTRA system is
part of the Universal Mobile Telecommunications System
(UMTS). A 3™ Generation Partnership Project Long Term
Evolution (3GPP LTE) communication system is part of the
E-UMTS (Evolved UMTS), which employs an OFDMA
system in downlink and employs an SC-FDMA system in
uplink. LTE-A (Advanced) is an evolved version of 3GPP
LTE. In order to clarify the description, the 3GPP LTE/
LTE-A will be focused upon, but the technical scope of the
present invention is not limited thereto.

In a wireless communication system, a user equipment
(UE) receives information from a base station (BS) in the
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downlink (DL) and transmits information to the BS in the
uplink (UL). Information transmitted and received between
the BS and the UE includes data and a variety of control
information, and various physical channels are present
according to the kind/usage of the transmitted and received
information.

FIG. 1 is a view showing physical channels used for a 3"¢
Generation Partnership Project (3GPP) Long Term Evolu-
tion (LTE) system, which is an example of a mobile com-
munication system, and a general signal transmission
method using the same.

When a UE is powered on or when the UE newly enters
a cell, the UE performs an initial cell search operation such
as synchronization with a BS in step S101. For the initial cell
search operation, the UE may receive a Primary Synchro-
nization Channel (P-SCH) and a Secondary Synchronization
Channel (S-SCH) from the BS so as to perform synchroni-
zation with the BS, and acquire information such as a cell
ID. Thereafter, the UE may receive a physical broadcast
channel from the BS and acquire broadcast information in
the cell. Meanwhile, the UE may receive a Downlink
Reference signal (DL RS) in the initial cell search step and
confirm a downlink channel state.

The UE which completes the initial cell search may
receive a Physical Downlink Control Channel (PDCCH) and
a Physical Downlink Shared Channel (PDSCH) correspond-
ing to the PDCCH, and acquire more detailed system
information in step S102.

Thereafter, the UE may perform a random access proce-
dure in steps S103 to S106, in order to complete the access
to the eNB. For the random access procedure, the UE may
transmit a preamble via a Physical Random Access Channel
(PRACH) (S5103), and may receive a message in response to
the preamble via the PDCCH and the PDSCH corresponding
thereto (S104). In contention-based random access, a con-
tention resolution procedure including the transmission of an
additional PRACH (S105) and the reception of the PDCCH
and the PDSCH corresponding thereto (S106) may be per-
formed.

The UE which performs the above-described procedure
may then receive the PDCCH/PDSCH (S107) and transmit
a Physical Uplink Shared Channel (PUSCH)/Physical
Uplink Control Channel (PUCCH) (S108), as a general
uplink/downlink signal transmission procedure. Control
information transmitted from the UE to the BS is collec-
tively referred to as uplink control information (UCI). The
UCT includes hybrid automatic repeat and request acknowl-
edgement/negative-acknowledgement  (HARQ  ACK/
NACK), scheduling request (SR), channel quality indication
(CQI), precoding matrix indication (PMI), rank indication
(RD), etc. The UCI is generally transmitted via a PUCCH.
However, in the case where control information and traffic
data are simultaneously transmitted, the UCI may be trans-
mitted via a PUSCH. The UCI may be aperiodically trans-
mitted via a PUSCH according to a network request/instruc-
tion.

FIG. 2 exemplarily shows a radio frame structure. In a
cellular Orthogonal Frequency Division Multiplexing
(OFDM) radio packet communication system, uplink/down-
link data packet transmission is performed in subframe
units. One subframe is defined as a predetermined time
interval including a plurality of OFDM symbols. The 3GPP
LTE standard supports a type 1 radio frame structure appli-
cable to Frequency Division Duplex (FDD) and a type 2
radio frame structure applicable to Time Division Duplex
(TDD).
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FIG. 2(a) is a diagram showing the structure of the type
1 radio frame. A downlink radio frame includes 10 sub-
frames, and one subframe includes two slots in a time
region. A time required for transmitting one subframe is
defined in a Transmission Time Interval (TTT). For example,
one subframe may have a length of 1 ms and one slot may
have a length of 0.5 ms. One slot may include a plurality of
OFDM symbols in a time region and include a plurality of
Resource Blocks (RBs) in a frequency region. Since the
3GPP LTE system uses OFDMA in downlink, the OFDM
symbol indicates one symbol duration. The OFDM symbol
may be called an SC-FDMA symbol or a symbol duration.
RB is a resource allocation unit and includes a plurality of
contiguous carriers in one slot.

The number of OFDM symbols included in one slot may
be changed according to the configuration of a Cyclic Prefix
(CP). The CP includes an extended CP and a normal CP. For
example, if the OFDM symbols are configured by the
normal CP, the number of OFDM symbols included in one
slot may be seven. If the OFDM symbols are configured by
the extended CP, the length of one OFDM symbol is
increased, the number of OFDM symbols included in one
slot is less than that of the case of the normal CP. In case of
the extended CP, for example, the number of OFDM sym-
bols included in one slot may be six. If the channel state is
unstable, for example, if a User Equipment (UE) moves at
a high speed, the extended CP may be used in order to
further reduce interference between symbols.

In case of using the normal CP, since one slot includes
seven OFDM symbols, one subframe includes 14 OFDM
symbols. At this time, the first two or three OFDM symbols
of each subframe may be allocated to a Physical Downlink
Control Channel (PDCCH) and the remaining OFDM sym-
bols may be allocated to a Physical Downlink Shared
Channel (PDSCH).

The structure of a type 2 radio frame is shown in FIG.
2(b). The type 2 radio frame includes two half-frames, each
of' which is made up of five subframes, a downlink pilot time
slot (DWPTS), a guard period (GP), and an uplink pilot time
slot (UpPTS), in which one subframe consists of two slots.
DwPTS is used to perform initial cell search, synchroniza-
tion, or channel estimation. UpPTS is used to perform
channel estimation of a base station and uplink transmission
synchronization of a user equipment (UE). The guard inter-
val (GP) is located between an uplink and a downlink so as
to remove interference generated in the uplink due to
multi-path delay of a downlink signal.

The structure of the radio frame is only exemplary.
Accordingly, the number of subframes included in the radio
frame, the number of slots included in the subframe or the
number of symbols included in the slot may be changed in
various manners.

FIG. 3a is a view explaining a signal processing proce-
dure of transmitting a UL signal at a UE.

In order to transmit the UL signal, a scrambling module
201 of the UE may scramble a transmitted signal using a
UE-specific scrambling signal. The scrambled signal is input
to a modulation mapper 202 so as to be modulated into
complex symbols by a Binary Phase Shift Keying (BPSK),
Quadrature Phase Shift Keying (QPSK), 16-Quadrature
amplitude modulation (QAM) or 64-QAM scheme accord-
ing to the kind of the transmitted signal and/or the channel
state. Thereafter, the modulated complex symbols are pro-
cessed by a transform precoder 203 and are input to a
resource element mapper 204. The resource element mapper
204 may map the complex symbols to time-frequency
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resource elements. The processed signal may be transmitted
to the BS via an SC-FDMA signal generator 205 and an
antenna.

FIG. 3b is a diagram explaining a signal processing
procedure of transmitting a downlink (DL) signal at a BS.

In a 3GPP LTE system, the BS may transmit one or more
codewords in the downlink. Accordingly, one or more
codewords may be processed to configure complex symbols
by scrambling modules 301 and modulation mappers 302,
similar to the UL transmission of FIG. 3a. Thereafter, the
complex symbols are mapped to a plurality of layers by a
layer mapper 303, and each layer may be multiplied by a
precoding matrix by a precoding module 304 and may be
allocated to each transmission antenna. The processed sig-
nals which will respectively be transmitted via antennas may
be mapped to time-frequency resource elements by resource
element mappers 305, and may respectively be transmitted
via OFDM signal generators 306 and antennas.

In a wireless communication system, in a case where a UE
transmits a signal in the uplink, a Peak-to-Average Ratio
(PAPR) may be more problematic than the case where a BS
transmits a signal in the downlink. Accordingly, as described
above with reference to FIGS. 2 and 3, an OFDMA scheme
is used to transmit a downlink signal, while an SC-FDMA
scheme is used to transmit an uplink signal.

FIG. 4 is a diagram explaining an SC-FDMA scheme and
an OFDMA scheme. In the 3GPP system, the OFDMA
scheme is used in the downlink and the SC-FDMA is used
in the uplink.

Referring to FIG. 4, a UE for UL signal transmission and
a BS for DL signal transmission are identical in that a
serial-to-parallel converter 401, a subcarrier mapper 403, an
M-point Inverse Discrete Fourier Transform (IDFT) module
404, parallel-to-serial converter 405 and a Cyclic Prefix
(CP) adding module 406 are included. The UE for trans-
mitting a signal using an SC-FDMA scheme further includes
an N-point DFT module 402. The N-point DFT module 402
partially offsets an IDFT process influence of the M-point
IDFT module 404 such that the transmitted signal has a
single carrier property.

FIG. 5 is a diagram explaining a signal mapping scheme
in a frequency domain satisfying the single carrier property
in the frequency domain. FIG. 5(a) shows a localized
mapping scheme and FIG. 5(b) shows a distributed mapping
scheme.

A clustered SC-FDMA scheme which is a modified form
of the SC-FDMA scheme will now be described. In the
clustered SC-FDMA scheme, DFT process output samples
are divided into sub-groups in a subcarrier mapping process
and are non-contiguously mapped in the frequency domain
(or subcarrier domain).

FIG. 6 is a diagram showing a signal processing proce-
dure in which DFT process output samples are mapped to a
single carrier in a clustered SC-FDMA scheme. FIGS. 7 and
8 are diagrams showing a signal processing procedure in
which DFT process output samples are mapped to multiple
carriers in a clustered SC-FDMA scheme. FIG. 6 shows an
example of applying an intra-carrier clustered SC-FDMA
scheme and FIGS. 7 and 8 show examples of applying an
inter-carrier clustered SC-FDMA scheme. FIG. 7 shows the
case where a subcarrier spacing between contiguous com-
ponent carriers is set and a signal is generated by a single
IFFT block in a state in which component carriers are
contiguously allocated in a frequency domain and FIG. 8
shows the case where a signal is generated by a plurality of
IFFT blocks in a state in which component carriers are
non-contiguously allocated in a frequency domain.
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FIG. 9 is a diagram showing a signal processing proce-
dure in a segmented SC-FDMA scheme.

In the segmented SC-FDMA scheme, IFFTs correspond-
ing in number to a certain number of DFTs are applied such
that the DFTs and the IFFTs are in one-to-one correspon-
dence and DFT spreading of the conventional SC-FDMA
scheme and the frequency subcarrier mapping configuration
of the IFFTs are extended. Therefore, the segmented SC-
FDMA scheme also referred to as an NxSC-FDMA or
NxDFT-s-OFDMA scheme. In the present invention, the
generic term “segmented SC-FDMA” is used. Referring to
FIG. 9, the segmented SC-FDMA scheme is characterized in
that modulation symbols of an entire time domain are
grouped into N (N is an integer greater than 1) groups and
a DFT process is performed on a group unit basis, in order
to relax a single carrier property.

FIG. 10 is a diagram showing the structure of a UL
subframe.

Referring to FIG. 10, the UL subframe includes a plurality
of slots (e.g., two). Each slot may include SC-FDMA
symbols, the number of which varies according to the length
of'a CP. For example, in the case of a normal CP, a slot may
include seven SC-FDMA symbols. A UL subframe is
divided into a data region and a control region. The data
region includes a PUSCH and is used to transmit a data
signal such as voice. The control region includes a PUCCH
and is used to transmit control information. The PUCCH
includes an RB pair (e.g., m=0, 1, 2, 3) located at both ends
of the data region on the frequency axis and hops between
slots. The UL control information (that is, UCI) includes
HARQ ACK/NACK, Channel Quality Information (CQI),
Precoding Matrix Indicator (PMI) and Rank Indication (RI).

FIG. 11 is a diagram illustrating a signal processing
procedure for transmitting a Reference Signal (RS) in the
uplink. As shown in FIG. 11, data is transformed into a
frequency domain signal by a DFT precoder, subjected to
frequency mapping and IFFT, and transmitted. In contrast,
an RS does not pass through a DFT precoder. More specifi-
cally, an RS sequence is directly generated in a frequency
domain (step 11), subjected to a localized-mapping process
(step 12), subjected to IFFT (step 13), subjected to a CP
attachment process (step 14), and transmitted.

The RS sequence ru,v(“)(n) is defined by cyclic shift a of
a base sequence and may be expressed by Equation 1.

Equation 1

P )=, (), 0sn <M,

where, M, ®*=m_** denotes the length of the RS
sequence, N, *Z denotes the size of a resource block repre-
sented in subcarrier units, and m is 1l=m=N, ™ I,
N,z Y denotes a maximum UL transmission band.

A base sequence 1, ,(n) is grouped into several groups.
us{0,1, ..., 29} denotes a group number, and v corresponds
to a base sequence number in a corresponding group. Each
group includes one base sequence v=0 with a length of
M, *P=mN_F% (1=sm=5) and two base sequences v=0,1 with
alength of M, ®*=mN_*Z (6=m=N,,,"** YT). The sequence
group number u and the number v within a corresponding
group may be changed with time. Definition of the base
sequence I, (0), . . ., I, (M, *-1) follows a sequence
length M, .

The base sequence having a length of 3N, *# or more may
be defined as follows.
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RS hopping will now be described.

The sequence group number u in a slot n, may be defined
as shown in the following Equation 6 by a group hopping
pattern £, (n,) and a sequence shift pattern f,,.

Equation 6

u=(fu(ny)+f,Jmod 30

where, mod denotes a modulo operation.

17 different hopping patterns and 30 different sequence
shift patterns are present. Sequence group hopping may be
enabled or disabled by a parameter for activating group
hopping provided by a higher layer.

A PUCCH and a PUSCH may have the same hopping
pattern, but have different sequence shift patterns.

The group hopping pattern f,,(n,) is the same in the
PUSCH and the PUCCH and is given by the following
Equation 7.

fanlng) = Equation 7
0 if group hopping is disabled
7 .
[Z c(8ns+1)-2 ]mod 30 if group hoppingis enabled
=0

where, c(i) denotes a pseudo-random sequence and a
pseudo-random sequence generator may be initialized by

_ Nlclgll
Cinit = W

at the start of each radio frame.
The PUCCH and the PUSCH are different in definition of
the sequence shift pattern f,.
The sequence shift pattern f, ““““” of the PUCCH is
FUCCHN = mod 30 and the sequence shift pattern
f “puscH of the PUSCH is f Y5 “H=(f, PV““H1A_)mod 30.
SSE{O,I, ..., 29} is conﬁgured by a higher layer.
Hereinafter, sequence hopping will be described.
Sequence hopping is applied only to a RS having a length
of M, *5=6N_*%.
With respect to an RS having a length of M, **<6N_7Z,
a base sequence number v within a base sequence group is
v=0.
With respect to an RS having a length of M, **26N_75,
a base sequence number v within a base sequence group in
a slot n, is given by the following Equation 8.

if group hopping is disabled Equation 8
clis) .
and sequence hopping is enabled
0 otherwise

where, c(i) denotes a pseudo-random sequence and a
parameter for enabling sequence hopping provided by a
higher layer determines whether sequence hopping is
enabled. The pseudo-random sequence generator may be
initialized by

5 ¢PUSCH
+fs

NICIIS”
Cinit = 30 |

at the start of a radio frame.
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12
An RS for a PUSCH is determined as follows.
The RS sequence r”“*“#() for the PUCCH is defined by
P (M, A 4n)=r, “(n). m and n satisfy

and satisfy M, =M, V5.
In one slot cychc shift is o=210 n_/12 along with
0, ~(0paps’ )+nDMRS( 41 pz5(n,))mod 12.

Npams' is a broadcast value, n,,, . is given by UL
scheduling allocation, and n,,«(n,) is a cell-specific cyclic
shift value. npx(n,) varies according to a slot number n,,
and is nppy(n,)=2,_; c(8n+i)2%

c(i) is a pseudo-random sequence and c(i) is a cell-specific
value. The pseudo-random sequence generator may be ini-
tialized by

cell

_| N
Cinit =

30

5 PUSCH
2+ fL

at the start of a radio frame.
Table 3 shows a cyclic shift field and my,,, s>
downlink control information (DCI) format 0.

) at a

TABLE 3
Cyclic shift field at
DCI format 0 1% pams
000 0
001 2
010 3
011 4
100 6
101 8
110 9
111 10

A physical mapping method for a UL RS at a PUSCH is
as follows.

A sequence is multiplied by an amplitude scaling factor
Bresce and is mapped to the same set of a physical resource
block (PRB) used for the corresponding PUSCH within the
sequence started at r”¥*“#(0). 1=3 for a normal CP and 1=2
for an extended CP. When the sequence is mapped to a
resource element (k,1) within a subframe, the order of k is
first increased and the slot number is then increased.

In summary, if a length is greater than and equal to
3N, %2, a ZC sequence is used along with cyclic extension.
If a length is less than 3N_%*%  a computer-generated
sequence is used. Cyclic shift is determined according to
cell-specific cyclic shift, UE-specific cyclic shift and hop-
ping pattern.

FIG. 12A is a diagram showing the structure of a demodu-
lation reference signal (DMRS) for a PUSCH in the case of
normal CP and FIG. 12B is a diagram showing the structure
of a DMRS for a PUSCH in the case of extended CP. In FIG.
12A, a DMRS is transmitted via fourth and eleventh SC-
FDMA symbols and, in FIG. 12B, a DMRS is transmitted
via third and ninth SC-FDMA symbols.

FIGS. 13 to 16 show a slot level structure of a PUCCH
format. The PUCCH includes the following formats in order
to transmit control information.
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(1) Format 1: This is used for on-off keying (OOK)
modulation and scheduling request (SR)

(2) Format la and Format 1b: They are used for ACK/
NACK transmission

1) Format la: BPSK ACK/NACK for one codeword

2) Format 1b: QPSK ACK/NACK for two codewords

(3) Format 2: This is used for QPSK modulation and CQI
transmission

(4) Format 2a and Format 2b: They are used for CQI and
ACK/NACK simultaneous transmission.

Table 4 shows a modulation scheme and the number of
bits per subframe according to a PUCCH format. Table 5
shows the number of RSs per slot according to a PUCCH
format. Table 6 shows SC-FDMA symbol locations of an RS
according to a PUCCH format. In Table 4, the PUCCH
formats 2a and 2b correspond to the normal CP case.

10
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resources may be implicitly provided to the UE by a lowest
CCE index of a PDCCH corresponding to a PDSCH.

FIG. 15 shows a PUCCH format 2/2a/2b in the normal CP
case. FIG. 16 shows a PUCCH format 2/2a/2b in the
extended CP case. Referring to FIGS. 15 and 16, one
subframe includes 10 QPSK data symbols in addition to an
RS symbol in the normal CP case. Each QPSK symbol is
spread in a frequency domain by a CS and is then mapped
to a corresponding SC-FDMA symbol. SC-FDMA symbol
level CS hopping may be applied in order to randomize
inter-cell interference. RSs may be multiplexed by CDM
using a CS. For example, if it is assumed that the number of
available CSs is 12 or 6, 12 or 6 UEs may be multiplexed in
the same PRB. For example, in the PUCCH formats 1/1a/1b
and 2/2a/2b, a plurality of UEs may be multiplexed by
CS+0OC+PRB and CS+PRB.

Length-4 and length-3 OCs for PUCCH formats 1/1a/1b

TABLE 4 are shown in the following Tables 7 and 8.
20
Number of
PUCCH Modulation bits per TABLE 7
format scheme subframe, M;;,
Length-4 orthogonal sequences for PUCCH formats 1/1a/lb
1 N/A N/A
1a BPSK 1 Sequence Orthogonal sequences
1b QPSK 2 25 index n,(n,) W) . .. wNPYH - 1)]
2 QPSK 20
2a QPSK + BPSK 21 0 [+1 +1 +1 +1]
2 QPSK + BPSK 2 1 [+1 -1 +1 -]
2 [+#1 -1 -1 +1]
30
TABLE 5 TABLE 8
Pgrcnilt{ Normal CP Extended CP Length-3 orthogonal sequences for PUCCH formats 1/1a/1b
1, la, 1b 3 2 35 Sequence Orthogonal sequences
2 2 index n,.(n,) [W(0) . .. wNP¥“H g — 1]
2a, 2b 2 N/A
0 1 1
1 [1 e/'2'n:/3 e/'4'n:/3
2 [1 e/'4'n:/3 e/'2'n:/3 ]
TABLE 6 40
- The OCs for the RS in the PUCCH formats 1/1a/1b is
PUCCH SC-FDMA symbol location of RS .
shown in Table 9.
format Normal CP Extended CP
TABLE 9
1, 1a, 1b 2,3, 4 2,3 45
2,2a,2b 15 3 la and 1b
. S ind N 1 1i Extended
FIG. 13 shows PUCCH formats 1a and 1b in the normal eql%enc(enl)n - Ongraeﬁiyc © cy;fi:l;rzﬁx
CP case. FIG. 14 shows PUCCH formats 1a and 1b in the
extended CP case. In the PUCCH formats la and 1b, the 50 0 n 11 11
. .. A . 1 [1 293 43 [ -1
same control information is repeated within a subframe in 5 [1 o3 g3 N/A
slot units. Each UE transmits an ACK/NACK signal through
different resources including different cyclic shifts (CSs) ) ) o
(frequency domain codes) of a computer-generated constant ) F.IG~ 17 is a diagram explaining ACK/NACK channel-
amplitude zero auto correlation (CG_CAZAC) sequence and 55 1zation for the PUCCH formats 1a and 1b. FIG. 17 shows the

orthogonal covers (OCs) or orthogonal cover codes (OCCs)
(time domain codes). The OC includes, for example, a
Walsh/DFT orthogonal code. If the number of CSs is 6 and
the number of OCs is 3, a total of 18 UEs may be multi-
plexed in a PRB in the case of using a single antenna.
Orthogonal sequences w0, wl, w2 and w3 may be applied
in a certain time domain (after FF'T modulation) or a certain
frequency domain (before FFT modulation).

For SR and persistent scheduling, ACK/NACK resources
including CSs, OCs and PRBs may be provided to a UE
through radio resource control (RRC). For dynamic ACK/
NACK and non-persistent scheduling, ACK/NACK
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PUCCH_
case of A4 =2.

FIG. 18 is a diagram showing channelization of a struc-
ture in which PUCCH formats 1/1a/1b and formats 2/2a/2b
are mixed within the same PRB.

CS hopping and OC remapping may be applied as fol-
lows.

(1) Symbol-based cell-specific CS hopping for inter-cell
interference randomization

(2) Slot level CS/OC remapping

1) for inter-cell interference randomization

2) slot-based access for mapping between ACK/NACK
channels and resources k
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Resource n, for the PUCCH format 1/1a/1b includes the
following combination.

(1) CS (=DFT OC in a symbol level) (n,,)

(2) OC (OC in a slot level) (n,,.)

(3) frequency RB (n,,)

When indexes representing the CS, the OC and the RB are
respectively n_, n . and n,, a representative index n,
includes n_,, n,. and n,,. n, satisfies n,=(n_,, n,_, 10,,).

A CQIL a PMI, a RI, and a combination of a CQI and
ACK/NACK may be transmitted through the PUCCH for-
mats 2/2a/2b. Reed Muller (RM) channel coding may be
applied.

For example, in an LTE system, channel coding for a UL
CQI is described as follows. A bit sequence a,, a;, a,,
as, ..., a, ; is channel-coded using a (20, A) RM code.
Table 10 shows a base sequence for the (20, A) code. a, and
a, , represent a Most Significant Bit (MSB) and a Least
Significant Bit (LSB), respectively. In the extended CP case,
a maximum information bit number is 11 except for the case
where the CQI and the ACK/NACK are simultaneously
transmitted. After the bit sequence is coded to 20 bits using
the RM code, QPSK modulation may be applied. Before
QPSK modulation, coded bits may be scrambled.
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Table 12 shows a UCI field for wideband CQI and PMI
feedback. The field reports closed loop spatial multiplexing
PDSCH transmission.

TABLE 12
Bandwidth

2 antenna ports 4 antenna ports
Field Rank=1 Rank=2 Rank=1 Rank>1
Wideband CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
PMI (Precoding Matrix 2 1 4 4
Index)

Table 13 shows a UCI field for RI feedback for wideband
report.

TABLE 10
I My M, M M Mgy Ms Mg M; Mg My Mo My, M
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1
14 1 0 0 0 1 1 0 1 0 0 1 0 1
15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1
18 1 1 0 1 1 1 1 1 0 0 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0 0 0
45
Channel coding bits by, by, b,, bs, . . ., by, may be TABLE 13
generated by Equation 9.
Bit widths
50 4 antenna ports
Al Equation 9 ) )
b= Z (@n - M;,)mod 2 . 2 antenna Maximum of Maximum of
= Field ports two layers four layers
RI (Rank 1 1 2
Indication)
55

where, i=0, 1, 2, . . ., B-1 is satisfied.

Table 11 shows an uplink control information (UCI) field
for wideband report (single antenna port, transmit diversity
or open loop spatial multiplexing PDSCH) CQI feedback.

TABLE 11

Field bandwidth

Wideband CQI
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FIG. 19 shows PRB allocation. As shown in FIG. 19, the
PRB may be used for PUCCH transmission in a slot n.

A multi-carrier system or a carrier aggregation system
refers to a system for aggregating and utilizing a plurality of
carriers having a bandwidth smaller than a target bandwidth,
for wideband support. When a plurality of carriers having a
bandwidth smaller than a target bandwidth is aggregated, the
bandwidth of the aggregated carriers may be limited to a
bandwidth used in the existing system, for backward com-
patibility with the existing system. For example, the existing
LTE system may support bandwidths of 1.4, 3, 5, 10, 15 and
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20 MHz and an LTE-Advanced (LTE-A) system evolved
from the LTE system may support a bandwidth greater than
20 MHz using only the bandwidths supported by the LTE
system. Alternatively, regardless of the bandwidths used in
the existing system, a new bandwidth may be defined so as
to support CA. Multi-carrier may be used interchangeable
with CA and bandwidth aggregation. CA includes contigu-
ous CA and non-contiguous CA.

FIG. 20 is a conceptual diagram of management of a
downlink component carrier in a BS, and FIG. 21 is a
conceptual diagram of management of an uplink component
carrier in a UE. For convenience of description, it is assumed
that a higher layer is a MAC layer in FIGS. 20 and 21.

FIG. 22 is a conceptual diagram of the case where one
MAC layer manages multiple carriers in a BS. FIG. 23 is a
conceptual diagram of the case where one MAC layer
manages multiple carriers in a UE.

Referring to FIGS. 22 and 23, one MAC layer manages
one or more frequency carriers so as to perform transmission
and reception. Since frequency carriers managed by one
MAC layer do not need to be contiguous to each other,
resource management is flexible. In FIGS. 22 and 23, one
physical (PHY) layer means one component carrier, for
convenience. One PHY layer does not necessarily mean an
independent radio frequency (RF) device. In general, one
independent RF device means one PHY layer, but the
present invention is not limited thereto. One RF device may
include several PHY layers.

FIG. 24 is a conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a BS.
FIG. 25 is a conceptual diagram of the case where a plurality
of MAC layers manages multiple carriers in a UE, FIG. 26
is another conceptual diagram of the case where a plurality
of MAC layers manages multiple carriers in a BS, and FIG.
27 is another conceptual diagram of the case where a
plurality of MAC layers manages multiple carriers in a UE.

In addition to the structures shown in FIGS. 22 and 23,
several MAC layers may control several carriers as shown in
FIGS. 24 to 27.

Each MAC layer may control each carrier in one-to-one
correspondence as shown in FIGS. 24 and 25 and each MAC
layer may control each carrier in one-to-one correspondence
with respect to some carriers and one MAC layer may
control one or more carriers with respect to the remaining
carriers as shown in FIGS. 26 and 27.

The system includes a plurality of carriers such as one
carrier to N carriers and the carriers may be contiguous or
non-contiguous, regardless of UL/DL. A TDD system is
configured to manage a plurality (N) of carriers in DL and
UL transmission. A FDD system is configured such that a
plurality of carriers is used in UL and DL. In the case of the
FDD system, asymmetric CA in which the number of
carriers aggregated in UL and DL and/or the bandwidths of
the carriers are different may be supported.

When the numbers of aggregated component carriers in
UL and DL are identical, it is possible to configure all
component carriers so as to enable backward compatibility
with the existing system. However, component carriers
which do not consider compatibility are not excluded from
the present invention.

Hereinafter, for convenience of description, it is assumed
that, when a PDCCH is transmitted through a DL component
carrier #0, a PDSCH corresponding thereto is transmitted
through a DL component carrier #0. However, cross-carrier
scheduling may be applied and the PDSCH may be trans-
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mitted through another DL, component carrier. The term
“component carrier” may be replaced with other equivalent
terms (e.g., cell).

FIG. 28 shows a scenario in which uplink control infor-
mation (UCI) is transmitted in a wireless communication
system supporting CA. For convenience, in the present
example, it is assumed that the UCI is ACK/NACK (A/N).
The UCI may include control information channel state
information (e.g., CQI, PMI, RI, etc.) or scheduling request
information (e.g., SR, etc.).

FIG. 28 is a diagram showing asymmetric CA in which
five DL CCs and one UL CC are linked. The shown
asymmetric CA is set from the viewpoint of UCI transmis-
sion. That is, a DL CC-UL CC linkage for UCI and a DL,
CC-UL CC linkage for data are differently set. For conve-
nience, if it is assumed that one DL CC may transmit a
maximum of two codewords, the number of UL ACK/
NACK bits is at least two. In this case, in order to transmit
ACK/NACK for data received through five DL, CCs through
one UL CC, ACK/NACK of at least 10 bits is necessary. In
order to support a DTX state of each DL CC, at least 12 bits
(=5"5=3125=11.61 bits) are necessary for ACK/NACK
transmission. Since ACK/NACK of at most 2 bits may be
transmitted in the existing PUCCH formats la/lb, such a
structure cannot transmit extended ACK/NACK informa-
tion. For convenience, although an example in which the
amount of UCI information is increased due to CA is
described, the amount of UCI information may be increased
due to the increase in the number of antennas, existence of
a backhaul subframe in a TDD system and a relay system,
etc. Similarly to ACK/NACK, when control information
associated with a plurality of DL CCs is transmitted through
one UL CC, the amount of control information to be
transmitted is increased. For example, in the case where a
CQI for a plurality of DL. CCs must be transmitted through
a UL anchor (or primary) CC, CQI payload may be
increased.

A DL primary CC may be defined to a DL, CC linked with
a UL primary CC. Linkage includes implicit and explicit
linkage. In the LTE, one DL CC and one UL CC are
inherently paired. For example, by LTE pairing, a DL, CC
linked with a UL primary CC may be referred to as a DL
primary CC. This may be regarded as implicit linkage.
Explicit linkage indicates that a network configures linkage
in advance and may be signaled by RRC, etc. In explicit
linkage, a DL CC paired with a UL primary CC may be
referred to as a primary DL, CC. A UL primary (or anchor)
CC may be a UL CC in which a PUCCH is transmitted.
Alternatively, the UL primary CC may be a UL CC in which
UCT is transmitted through a PUCCH or a PUSCH. A DL
primary CC may be configured through high layer signaling.
A DL primary CC may be a DL CC in which a UE performs
initial access. DL CCs excluding the DL primary CC may be
referred to as DL secondary CCs. Similarly, UL CCs exclud-
ing a UL primary CC may be referred to as UL secondary
CCs.

The LTE-A uses the concept of a cell in order to manage
radio resources. The cell is defined as a combination of
downlink resources and uplink resources and uplink
resources are not indispensable components. Accordingly,
the cell may be composed of downlink resources alone or a
combination of downlink resources and uplink resources. If
CA is supported, a linkage between a downlink resource
carrier frequency (or DL CC) and an uplink resource carrier
frequency (or UL CC) may be indicated by system infor-
mation. A cell which operates on a primary frequency (or a
PCC) is referred to as a primary cell (PCell) and a cell which
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operates on a secondary frequency (or an SCC) is referred to
as a secondary cell (SCell). A DL CC and a UL CC may be
referred to as a DL cell and a UL cell, respectively. In
addition, an anchor (or primary) DL CC and an anchor (or
primary) UL CC may be referred to as a DL PCell and a UL
PCell, respectively. The PCell is used to perform an initial
connection establishment process or a connection re-estab-
lishment process by a UE. The PCell may indicate a cell
indicated in a handover process. The SCell may be config-
ured after RRC connection establishment is performed and
may be used to provide additional radio resources. The PCell
and the SCell may be collectively called a serving cell.
Accordingly, in case of a UE which is in an RRC_CON-
NECTED state but is not configured with CA or does not
support CA, only one serving cell including only a PCell
exists. In contrast, in case of a UE which is in an RRC_CO-
NNECTED state and configured with CA, one or more
serving cells exist and each serving cell includes a PCell and
all SCells. For CA, a network may configure one or more
SCells may be configured for a UE supporting CA after
starting an initial security activation process, in addition to
a PCell which is initially configured in a connection estab-
lishment process.

DL-UL pairing may be defined only in FDD. Since TDD
uses the same frequency, DL-UL pairing may not be defined.
DL-UL linkage may be determined from UL linkage through
UL E-UTRA Absolute Radio Frequency Channel Number
(EARFCN) information of SIB2. For example, DL-UL
linkage may be acquired through SIB2 decoding during
initial access and, otherwise, may be acquired through RRC
signaling. Accordingly, only SIB2 linkage may be present,
but other DL-UL pairing may not be explicitly defined. For
example, in the SDL:1UL structure of FIG. 28, DL CC#0
and UL CC#0 have an SIB2 linkage relationship and the
remaining DL CCs may have a relationship with other UL
CCs which are not configured for the UE.

In order to support a scenario such as FIG. 28, new
scheme is necessary. Hereinafter, a PUCCH format for
feedback of UCI (e.g., multiple A/N bits) in a communica-
tion system supporting a carrier aggregation is referred to a
CA PUCCH format (or PUCCH format 3). For example,
PUCCH format 3 is used to transmit A/N information
(possibly, including DTX state) corresponding PDSCH (or
PDCCH) received on multiple DL serving cells.

FIGS. 29A to 29F show the structure of PUCCH format
3 and a signal processing procedure therefore according to
the present embodiment.

FIG. 29A shows the case where the PUCCH format
according to the present embodiment is applied to the
structure of the PUCCH format 1 (normal CP). Referring to
FIG. 29A, a channel coding block channel-codes informa-
tion bits a_0, a_1, . . ., and a_M-1 (e.g., multiple ACK/
NACK bits) and generates encoded bits (coded bits or
coding bits) (or codewords) b_0, b_1,...,and b_N-1. M
denotes the size of the information bits and N denotes the
size of the encoded bits. The information bits include UCI,
for example, multiple ACK/NACK bits for a plurality of
data (or PDSCHs) received through a plurality of DL CCs.
The information bits a_0, a_1, . . . , and a_M-1 are
joint-coded regardless of the kind/number/size of UCI con-
figuring the information bits. For example, if the information
bits include multiple ACK/NACK bits for a plurality of DL,
CCs, channel coding is performed not with respect to each
DL CC or each ACK/NACK bit, but with respect to entire
bit information. Thus, a single codeword is generated.
Channel coding includes but not limited to simplex repeti-
tion, simplex coding, Reed Muller (RM) coding, punctured
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RM coding, tail-biting convolutional coding (TBCC), low-
density parity-check (LDPC) and turbo-coding. Although
not shown, the encoded bits can be rate-matched in consid-
eration of a modulation order and the amount of resources.
The rate-matching function may be included in the channel
coding block or may be performed using a separate func-
tional block. For example, the channel coding block may
perform (32, 0) RM coding with respect to a plurality of
control information so as to obtain a single codeword and
perform circular buffer rate-matching.

A modulator modulates the encoded bits b_0, b_1, . . .,
and b_N-1 and generates modulation symbols c_O,
c_1,...,and ¢_L-1. L denotes the size of the modulation
symbols. The modulation method is performed by changing
the amplitude and phase of the transmitted signal. The
modulation method includes, for example, n-phase shift
keying (PSK) and n-quadrature amplitude modulation
(QAM) (n is an integer greater than or equal to 2). More
specifically, the modulation method may include binary PSK
(BPSK), quadrature PSK (QPSK), 8-PSK, QAM, 16-QAM,
64-QAM, etc.

A divider divides the modulation symbols ¢_0,c_1, . . .,
and c_L-1 into slots. The order/pattern/method of dividing
the modulation symbols to slots is not specially limited. For
example, the divider may divide the modulation symbols to
slots sequentially from the head (local type). In this case, as
shown, the modulation symbols c¢_0,c_1, ..., and c_L/2-1
may be divided to a slot 0 and the modulation symbols
c_1/2,c_L/2+1, ..., and c_I.-1 may be divided to a slot 1.
The modulation symbols may be interleaved (or permutated)
when being divided to the slots. For example, even-num-
bered modulation symbols may be divided to the slot 0 and
odd-numbered modulation symbols may be divided to the
slot 1. The order of the modulation process and the division
process may be changed. Instead of dividing different coding
bits into slots, the same coding bits may be configured to be
repeated in slot units. In this case, the divider may be
omitted.

A DFT precoder performs DFT precoding (e.g., 12-point
DFT) with respect to the modulation symbols divided to the
slots, in order to generate a single carrier waveform. Refer-
ring to the drawing, the modulation symbols c¢_0,
c_1, ..., and c_L/2-1 divided to the slot 0 are DFT-
precoded to DFT symbols d_0,d_1, ..., and d_[./2-1, and
the modulation symbols ¢_I./2, ¢c_[./2+1, . .., and c¢_L-1
divided to the slot 1 are DFT-precoded to DFT symbols
d_L/2,d_L/2+1, . .., and d_L-1. DFT precoding may be
replaced with another linear operation (e.g., Walsh precod-
ing). The DFT precoder may be replaced with a CAZAC
modulator. The CAZAC modulator modulates the modula-
tion symbols ¢ 0, c_1, . . ., and c¢_[/2-1 and c_L/2,
c_L/2+1, . . ., and ¢_L-1 divided to the slots with corre-
sponding sequences and generate CAZAC modulation sym-
bolsd_0,d_1,...,d I/2-1and d _I/2,d L/2+1, ..., and
d_L-1. The CAZAC modulator includes, for example,
CAZAC sequences or sequences for LTE computer gener-
ated (CG) 1RB. For example, if the LTE CG sequences are
r 0,...,andr_[./2-1, the CAZAC modulation symbols may
be d_n=c_n*r_n or d_n=conj(c_n)*r_n.

A spreading block spreads a signal subjected to DFT at an
SC-FDMA symbol level (time domain). Time domain
spreading of the SC-FDMA symbol level is performed using
a spreading code (sequence). The spreading code includes a
quasi-orthogonal code and an orthogonal code. The quasi-
orthogonal code includes, but is not limited to, a pseudo
noise (PN) code. The orthogonal code includes, but is not
limited to, a Walsh code and a DFT code. Although the
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orthogonal code is described as a representative example of
the spreading code for ease of description in the present
specification, the orthogonal code is only exemplary and
may be replaced with a quasi-orthogonal code. A maximum
value of a spreading code size (or a spreading factor (SF))
is restricted by the number of SC-FDMA symbols used to
transmit control information. For example, in the case where
four SC-FDMA symbols are used to transmit control infor-
mation in one slot, (quasi-)orthogonal codes w0, w1, w2 and
w3 having a length of 4 may be used in each slot. The SF
means the spreading degree of the control information and
may be associated with the multiplexing order of a UE or the
multiplexing order of an antenna. The SF may be changed to
1,2,3,4,...according to requirements of the system and
may be defined between a BS and a UE in advance or may
be informed to the UE through DCI or RRC signaling. For
example, in the case where one of SC-FDMA symbols for
control information is punctured in order to transmit an SRS,
a spreading code with a reduced SF (e.g., SF=3 instead of
SF=4) may be applied to the control information of the slot.

The signal generated through the above procedure is
mapped to subcarriers in a PRB, is subjected to IFFT, and is
transformed into a time domain signal. The time domain
signal is attached with CP and the generated SC-FDMA
symbols are transmitted through a RF stage.

On the assumption that ACK/NACK for five DL CCs is
transmitted, each procedure will be described in detail. In
the case where each DL CC may transmit two PDSCHs, the
number ACK/NACK bits may be 12 if a DTX state is
included. In consideration of QPSK modulation and SF=4
time spreading, a coding block size (after rate-matching)
may be 48 bits. The encoded bits may be modulated into 24
QPSK symbols and 12 symbols of the generated QPSK
symbols are divided to each slot. In each slot, 12 QPSK
symbols are converted into 12 DFT symbols by a 12-point
DFT operation. In each slot, 12 DFT symbols are spread to
four SC-FDMA symbols using the spreading code having
SF=4 in a time domain and are mapped. Since 12 bits are
transmitted through [2 bits*12 subcarriers+8 SC-FDMA
symbols], the coding rate is 0.0625 (=12/192). In case of
SF=4, a maximum of four UEs may be multiplexed per
1PRB.

The signal processing procedure described with reference
to FIG. 29A is only exemplary and the signal mapped to the
PRB in FIG. 29A may be obtained using various equivalent
signal processing procedures. The signal processing proce-
dures equivalent to FIG. 29A will be described with refer-
ence to FIGS. 29B to 29F.

FIG. 29B is different from FIG. 29A in the order of the
DFT precoder and the spreading block. In FIG. 29A, since
the function of the spreading block is equal to multiplication
of'a DFT symbol sequence output from the DFT precoder by
a specific constant at an SC-FDMA symbol level, the value
of the signal mapped to the SC-FDMA symbols is identical
even when the order of the DFT precoder and the spreading
block is changed. Accordingly, the signal processing proce-
dure for the PUCCH format 3 may be performed in order of
channel coding, modulation, division, spreading and DFT
precoding. In this case, the division process and the spread-
ing process may be performed by one functional block. For
example, the modulation symbols may be spread at the
SC-FDMA symbol level while being alternately divided to
slots. As another example, the modulation symbols are
copied to suit the size of the spreading code when the
modulation symbols are divided to slots, and the modulation
symbols and the elements of the spreading code may be
multiplied in one-to-one correspondence. Accordingly, the
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modulation symbol sequence generated in each slot is spread
to a plurality of SC-FDMA symbols at the SC-FDMA
symbol level. Thereafter, the complex symbol sequence
corresponding to each SC-FDMA symbol is DFT-precoded
in SC-FDMA symbol units.

FIG. 29C is different from FIG. 29A in the order of the
modulator and the divider. Accordingly, the signal process-
ing procedure for the PUCCH format 3 may be performed in
order of joint channel coding and division at a subframe
level and modulation, DFT precoding and spreading at each
slot level.

FIG. 29D is different from FIG. 29C in order of the DFT
precoder and the spreading block. As described above, since
the function of the spreading block is equal to multiplication
of'a DFT symbol sequence output from the DFT precoder by
a specific constant at an SC-FDMA symbol level, the value
of the signal mapped to the SC-FDMA symbols is identical
even when the order of the DFT precoder and the spreading
block is changed. Accordingly, the signal processing proce-
dure for the PUCCH format 3 may be performed by joint
channel coding and division at a subframe level and modu-
lation at each slot level. The modulation symbol sequence
generated in each slot is spread to a plurality of SC-FDMA
symbols at the SC-FDMA symbol level and the modulation
symbol sequence corresponding to each SC-FDMA symbol
is DFT-precoded in SC-FDMA symbol units. In this case,
the modulation process and the spreading process may be
performed by one functional block. For example, the gen-
erated modulation symbols may be directly spread at the
SC-FDMA symbol level while the encoded bits are modu-
lated. As another example, the modulation symbols are
copied to suit the size of the spreading code when the
encoded bits are modulated, and the modulation symbols
and the elements of the spreading code may be multiplied in
one-to-one correspondence.

FIG. 29E shows the case where the PUCCH format 3
according to the present embodiment is applied to the
structure of the PUCCH format 2 (normal CP) and FIG. 29F
shows the case where the PUCCH format 3 according to the
present embodiment is applied to the structure of the
PUCCH format 2 (extended CP). The basic signal process-
ing procedure is equal to those described with respect to
FIGS. 29A to 29D. As the structure of the PUCCH format 2
of the existing LTE is reused, the number/locations of UCI
SC-FDMA symbols and RS SC-FDMA symbols in the
PUCCH format 3 is different from that of FIG. 29A.

Table 14 shows the location of the RS SC-FDMA symbol
in the PUCCH format 3. It is assumed that the number of
SC-FDMA symbols in a slot is 7 (indexes 0 to 6) in the
normal CP case and the number of SC-FDMA symbols in a
slot is 6 (indexes O to 5) in the extended CP case.

TABLE 14
SC-FDMA symbol location of RS
Normal CP Extended CP Note

PUCCH 2,3, 4 2,3 PUCCH format 1

format 3 1,5 3 is reused
PUCCH format 2
is reused

Here, the RS may reuse the structure of the existing LTE.

For example, an RS sequence may be defined using cyclic
shift of a base sequence (see Equation 1).
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A signal processing procedure of a PUCCH format 3 will
be described using equations. For convenience, it is assumed
that a length-5 OCC is used (e.g., FIGS. 29E to 29F).

First, a bit block b(0), . . ., b(M,,,~) is scrambled using
a UE-specific scrambling sequence. The bit block
b(0), . . ., b(M,,,~1)may correspond to coded bits b_O,
b_1, , b_N-1 of FIG. 29A. The bit block b(0), .
b(szt l) may include at least one of an ACK/NACK blt a
CSI bit and an SR bit. The scrambled bit block b(0), .
b(M,,,~1) may be generated by the following equatlon

Equation 10

b(y=(b(i)+c(i))mod 2

where, c(i) denotes a scrambling sequence. c(i) includes a
pseudo-random sequence defined by a length-31 gold
sequence and may be generated by the following equation.
mod denotes a modulo operation.

Equation 11
c(m)=(x (n+Nc)+x,(n+N))mod 2
X1 (r+31)=(x,(#+3)+x,(n))mod 2

X5 (+31)=(x5 (343 )+, (342 )+x5 (141 )+x5 (1) )mod 2

where, N_=1600. A first m-sequence is initialized to
x;(0)=1, x,(m)=0, n=1,2, . . ., 30. A second m-sequence is
initialized to c,,,~%, ,>°x,(i)-2". c,,,, may be initialized to
= (In/2]+1)-(2N,,77+1)2 %4n,,,, Whenever a sub-
frame is started. n, denotes a slot number in a radio frame,
N,,°“ denotes a physical layer cell identity, and ng,,;
denotes a radio network temporary identifier.

The scrambled bit block b(0), . . ., b(M,,,~1) is modulated
and a complex modulation symbol block d(0), . . . ,
d(M,,,,,~1) is generated. When QPSK modulation is per-
formed, Msymb:Mbi/2:2NscRB . The complex modulation
symbol block d(0), . . ., d(M,,,,,,~1) correspond to modu-
lation symbols ¢_0, c¢_1, .. ., c_N-1 of FIG. 29A.

The complex modulation symbol block d(0), . . . ,
d(M,,,,,,~1) are block-wise spread using an orthogonal
sequence w,, (1). NSF’OP UCCH+NSF,1P UCH complex symbol
sets are gene}ated by the following equation. A frequency
division/spreading process of FIG. 29B is performed by the
following equation. Each complex symbol set corresponds
to one SC-FDMA symbol and has N_*% (e.g., 12) complex

modulation values.

Equation 12
(p)c - e et g, ’)/“J/Z-d(z’) n<N§FL{gCH

otherwise

(p)(l) {

=nmo dN?FUOCCH

@ - el msnfoilf2 . gnRB 4 )

=0 NS N
i=0,1,... ,NFB_1

where, N, Ut and N, ,FY¢“H correspond to the

number of SC-FDMA symbols used for PUCCH transmis-
sion at a slot 0 and a slot 1, respectively. In case of using a
normal PUCCH format 3, N ,7Y“““=N, FY“#=5. In
case of using a shortened PUCCH format 3 NSF LUt =5
and Nz U4 w (P)(l) and w,, (P)(l) respectively
indicate orthogonal sequences applied 16 a slot 0 and a slot
1 and are given by Table 15. n,_#’denotes an orthogonal
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sequence index (or an orthogonal code index). | | denotes a
flooring function. n_csce” n,l) may be n_“(n,)=2, ) c
(8N, “Fn +814i)2". c(i) may be given by Equation 11 and

symb
may be initialized to c,,,~N,,°°” at the beginning of every
radio frame. n=0, . NSF’OP VEH N TOCH-1. B

denotes an index corresponding to an antenna port number.

Table 15 shows an orthogonal w, (i) according to the
conventional method.

TABLE 15
Sequence Orthogonal sequence [w,, (0)...w, (NPYCCH - — 1]
index n,, NPUVCCH  _ 5 NPUVCCH 4
0 [t 11 1 1] [+1 +1 +1 +1]
1 [1 e e o6 ojsws) +1 -1 +1 -1]
5 [1 5 oS5 o5 6w +1 -1 -1 +1]
3 [l e eJ2"/5 S o] +1 +1 -1 -1]
4 [1 %5 o5 o5 23] _

In Table 15, N,7Y““¥=5 orthogonal sequence (or code)
is generated by the following equation.

Equation 13

?",,fL”oc ]

Resources for the PUCCH format 3 are identified by a
resource indeX Ny cy"? . For example, n ¥ may be
1, P=nppccy " mod Nz "7H. Npyeey f) may be
indicated through a transmit power control (TPC) field of an
SCell PDCCH. More specifically, n, % for each slot may be

given by the following equation.

(p) (3,p) PUCCH
Moco = Mp(iceymodNgg |

{ (3nff20)modN§}/1CCH if NEYEH =5

I’L( )OmOdNPUCCH

Equation 14

otherwise

where, n, 7’ denotes a sequence index value n, .’ for a
slot 0 and noc,l(P) denotes a sequence index value n,? for
a slot 1. In case of a normal PUCCH format 3,
N PUCCH_:

SF,0

PUCCH_5 Tn case of a shortened PUCCH
PUCCH, PUCCH_
=5, Nz, =4.

format 3, Ngro

According to the above equation, in case of the shortened
PUCCH format 3 (that is, N, FYC“H=4), an orthogonal
sequence of the same index n, '@ is used in the slot 0 and

the slot 1.

A block-spread complex symbol set may be cyclic-shifted
according to the following equation.

oc,l

Equation 15

PPy, P (41,57 (1, D)mod N FP)

where, n_ denotes a slot number within a radio frame and
1 denotes an SC-FDMA symbol number within a slot.
n.(n,l) is defined by Equation 12. n=0, . . . ,
NSF,OPU .

Each cyclic-shifted complex symbol set is transform-
precoded according to the following equation. As a result, a
complex symbol block z#(0), . ZP((Ngp, oYM+
Nz, [FUCCN, B1) is generated.
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WRB 1 Equation 16

NSRCB

Pe-NE +h) =

+(P)
Y (e
\/ / RB Z

k=0,.. ,NX_1

PUCCH |\ PUCCH
n=0,... ,Ngpg " +Ngp " =1

The complex symbol block z@(0), 7P
((Ngz0 JUCH N, 1 YN, BB is mapped to phy51ca1
resources after power control. Power control will be
described in detail below. A PUCCH uses one resource block
in each slot of a subframe. In the resource block, z#
), ..., Z@)((NSF,OPUCCH"’NSF,IPUCCH)NSCRB_l) is mapped
to a resource element (k1) on an antenna port p, which is not
used for RS transmission (see Table 14). Mapping is per-
formed in ascending order of k, 1 then slot number, starting
from the first slot of a subframe. k denotes a subcarrier index
and 1 denotes an SC-FDMA symbol index in a slot. P denotes
the number of antenna ports used for PUCCH transmission.
p denotes an antenna port number used for PUCCH trans-
mission and a relationship between p and p is shown in the
following table.

TABLE 16

Antenna port number p (function of the number P of
antenna ports configured for PUCCH)

Index p 1 2 4

0 100 200 —

1 — 201 —
Hereinafter, a conventional PUCCH power control

method will be described. The PUCCH format 3 will be
focused upon. If a serving cell ¢ is a primary cell, UE
transmit power P, -z (1) for PUCCH transmission at a
subframe i is given as follows.

Penax (D), Equation 17
Po_puccr + PLo +h(-) +

Ar_puccu(F) + App(F') + g(D)

Ppyccp (i) = min;

Peagsx (1) denotes maximum transmit power of a UE
configured for the serving cell c.

Py prccs 1s a parameter composed of a sum of
Po vornvar puccsr @04 Po vr puccn Po voranar ruccn
and Py, 1z puccy are provided by a higher layer (e.g., an
RRC layer).

PL_ denotes a downlink path loss estimation value of the
serving cell c.

A parameter A. . -(F) is provided by a higher layer.
Each Az prrecn(F) value denotes a value corresponding to a
PUCCH format relative to a PUCCH format 1a.

In the case where a UE is configured to transmit a PUCCH
using two antenna ports by a higher layer, a parameter
An (F") is provided by a higher layer. Otherwise, that is, in
the case where a UE is configured to transmit a PUCCH
using a single antenna port, A, (F") is 0. That is, A, (F")
corresponds to a power compensation value considering an
antenna port transmission mode.

h(*) is dependent on a PUCCH format. h(*) is a function
having at least one of n.;, Ny 4zo and ngx as a parameter.
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In case of the PUCCH format 3,

Ryaro +nsg — 1

W)= .

is given.

where, n.,; denotes a power compensation value associ-
ated with channel quality information. More specifically,
N, corresponds to the number of information bits for
channel quality information. ng; denotes a power compen-
sation value associated with SR. More specifically, ng
corresponds to the number of SR bits. If a time when
HARQ-ACK will be transmitted through the PUCCH for-
mat 3 is a subframe (referred to as an SR subframe)
configured for SR transmission, a UE transmits an SR bit
(e.g., 1 bit) and one or more HARQ-ACK bits, which are
joint-coded, through the PUCCH format 3. Accordingly, the
size of the control information transmitted through the
PUCCH format 3 on an SR subframe is always greater than
a HARQ-ACK payload size by 1. Accordingly, ng, is 1 if a
subframe i is an SR subframe and is O if a subframe i is a
non-SR subframe.

N ,zo denotes a power compensation value associated
with HARQ-ACK. More specifically, g, is associated
with the number of (valid or actual) information bits. In
addition, n,z,, is defined as the number of transport blocks
received on a downlink subframe. That is, power control is
determined by the number of PDCCHs for packets sched-
uled by an eNB and successfully decoded by an UE. In
contrast, a HARQ-ACK payload size is determined by the
number of configured DL cells. Accordingly, if a UE has one
serving cell, 0,z is the number of HARQ bits transmitted
on a subframe i. If a UE has a plurality of serving cells,
N4z May be given as follows. In case of TDD, if a UE
receives an SPS release PDCCH on one of subframes i-k,,
(k, €K, 0=m=M-1) from a serving cell ¢, ng g, ~(the
number of transport blocks received on the subframes
i-k,)+1. If a UE does not receive an SPS release PDCCH
on one of subframes i-k,, (k,EK:{ko,k;, . - ., Ky 1},
0=m=M-1) from a serving cell ¢, nz,z, ~(the number of
transport blocks received on the subframes i-k,,). In case of
FDD, 04z, is given similarly to the case of TDD and M=1
and k,=4.

More specifically, in case of TDD,

uarg = Z Z Nrecewed

=0 ke K

may be given. C denotes the number of configured serving
cells. N, _#*™4 denotes the number of transport blocks and
SPS release PDCCHs received on the subframes i-k,, of the
serving cell c. In case of FDD,

c-1

received
HARD = Z N¢
c=0

may be given. N "¢ denotes the number of transport
blocks and SPS release PDCCHs received on subframes i-4
of the serving cell c.
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g(1) denotes a current PUCCH power control adjustment
state. More specifically,

M-1
g =gli— D+ Y Spucenli—kn)

m=0

may be given. g(0) is a first value after reset. dpp/ccpr 15 @
UE-specific correction value and is also called a TPC
command. 8y, 18 included in a PDCCH having a DCI
format 1A/1B/1D/1/2A/2/2B/2C in case of PCell. In addi-
tion, dpp oy 18 joint-coded with another UE-specific
PUCCH correction value on a PDCCH having a DCI format
3/3A.

Embodiment: PUCCH Power Control in the Case Where
Simultaneous PUCCH and PUSCH Transmission Mode is
Configured

FIG. 30 shows a UL transmission process according to the
existing 3GPP Rel-8/9. FIG. 30 shows a buffer status report-
ing (BSR) and SR process of a MAC layer.

Referring to FIG. 30, if UL data becomes available for
transmission in a higher layer entity (e.g., an RLC entity or
a PDCP entity) (S3002), a BSR process is triggered (S3004).
The BSR process is used to provide information about the
amount of available data for transmission in a UL buffer of
a UE to a serving eNB. If the BSR process is triggered, the
MAC layer determines whether UL resources (e.g., UL-SCH
resources) allocated for new transmission are present
(83006). If the allocated UL-SCH resources are present, the
MAC layer generates a MAC PDU (S3008). The MAC PDU
may include pending data available for transmission and/or
BSR MAC control element (CE). Thereafter, the MAC layer
transmits the generated MAC PDU to a physical (PHY)
layer (S3010). The MAC PDU is transmitted to the PHY
layer via a UL-SCH channel. In view of the PHY layer, the
MAC PDU is a UL-SCH transmission block. Thereafter, the
triggered BSR process is cancelled (S3012). If pending data
is present in the buffer after the BSR MAC CE is transmit-
ted, the eNB may allocate UL-SCH resources to the UE in
consideration of the BSR and the UE may transmit pending
data using the allocated resources.

In contrast, if the UL resources allocated for new trans-
mission are not present, the SR process is triggered (S3014).
The SR process is used to request UL-SCH resources for
new transmission. If the SR process is triggered, the MAC
layer instructs the PHY layer to signal an SR (S3016). The
PHY layer transmits the SR on an SR subframe (a subframe
configured for SR transmission) according to the instruction
of the MAC layer. Thereafter, the MAC layer determines
whether UL-SCH resources available for new data trans-
mission or BSR are present or not (S3018). If the available
UL-SCH resources are not present, the SR process is pend-
ing and steps S3014 to S3016 are repeated. In contrast, if the
available UL-SCH resources are present, that is, if UL-SCH
resources are allocated through UL grant, the triggered SR
process is cancelled (S3020). If the UL-SCH resources
become available by the SR process, steps S3006 to S3012
are performed according to the BSR process.

In summary, in the existing 3GPP Rel-8/9, the SR is
triggered and no PUSCH is transmitted on the SR subframe
(that is, UL-SCH resources/UL-SCH transport blocks for the
SR subframe are not present), the UE transmits a positive SR
through a PUCCH format 1. In contrast, if the SR is
triggered and a PUSCH is transmitted on the SR subframe
(that is, UL-SCH resources/UL-SCH transport blocks for the
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SR subframe are present), the UE drops SR transmission and
transmits a BSR MAC CE and/or pending data through the
PUSCH.

Meanwhile, in the existing 3GPP Rel-8/9, the SR may be
triggered and an aperiodic CQI only PUSCH may be trig-
gered in the SR subframe. The CQI only PUSCH signal
includes only a CQI and does not include data (that is, a
UL-SCH transport block). Accordingly, if the CQI only
PUSCH is triggered, since available UL-SCH resources for
new transmission are not present, the triggered SR is not
cancelled. That is, simultaneous transmission of the CQI
only PUSCH signal and the SR PUCCH signal is required on
the same subframe. However, in the existing 3GPP Rel-8/9,
simultaneous transmission of the PUCCH and PUSCH is not
allowed. Accordingly, in this example, the UE regards CQI
only PUSCH triggering as mis-configuration. As a result, the
UE drops aperiodic CQI PUSCH transmission and transmits
only the positive SR through the PUCCH format 1. For
reference, if the value of a CQI request field is 1, a MCS
index I,,c is 29 and the number of allocated PRBs is less
than or equal to 4 (N ,zz=<4) in a PDCCH signal for UL grant,
the UE analyzes the signaling as CQI only PUSCH alloca-
tion.

As described above, in the existing 3GPP Rel-8/9, simul-
taneous transmission of the PUCCH and PUSCH is inhibited
for UL transmission having a low peak-to-average power
ratio (PAPR) property. However, in the 3GPP Rel-10, a
simultaneous PUCCH-and-PUSCH transmission mode may
be configured through RRC signaling. That is, the UE may
transmit a UCI (e.g., HARQ-ACK and/or SR) through the
PUCCH and transmit only a CSI (e.g., CQI) or data (e.g.,
UL-SCH transport block) through the PUSCH on the same
subframe.

According to the conventional power control method of
the PUCCH format 3 described with reference to Equation
17, if control information is transmitted on an SR subframe
through a PUCCH format 3, the control information always
includes an SR bit (e.g., 1 bit) and an added SR bit is used
to increase transmit power of the PUCCH (ngz=1). In the
conventional power control method, it is also assumed that
simultaneous transmission of the PUCCH and PUSCH is not
configured. That is, only the PUCCH or PUSCH may be
transmitted on one subframe, and control information which
is scheduled to be transmitted through the PUCCH is
transmitted through the PUSCH if the PUCCH and the
PUSCH should be transmitted on the same subframe.
Accordingly, transmission of the PUCCH on the SR sub-
frame indicates that UL-SCH resources/UL-SCH transport
blocks for the SR subframe are not present. In this case, the
SR bit added to the control information may be always used
to carry valid information.

However, in consideration of configuring the UE with the
simultaneous PUCCH-and-PUSCH transmission mode, it is
necessary to more efficiently perform power control. For
example, if it is assumed that the UE is configured in the
simultaneous PUCCH-and-PUSCH transmission mode, a
scenario in which the PUCCH format 3 signal and the
PUSCH signal are simultaneously transmitted on the SR
subframe is possible. In this case, the PUCCH format 3
signal may include an SR bit and the PUSCH signal may
include a UL-SCH transport block. In addition, the PUSCH
signal may include only a CSI. As described with reference
to FIG. 30, if the UL-SCH resources/UL-SCH transport
blocks are present for the SR subframe, the triggered SR is
cancelled. That is, presence of the UL-SCH transport block
in the PUSCH signal may indicate a negative SR. Accord-
ingly, if the PUSCH signal includes the UL-SCH transport
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block, the SR bit included in the PUSCH format 3 signal
carries redundant information. In this case, since the SR bit
may have any value (don’t care), the value of the SR bit may
be regarded as invalid information. That is, if the UL-SCH
transport block is present for the SR subframe, the SR bit
included in the PUCCH format 3 signal corresponds to a
dummy bit without information. Accordingly, if the case
where the dummy bit is included in the PUCCH format 3
signal and the case where the dummy bit is not included in
the PUCCH format 3 signal are equally treated during
PUCCH power control, power efficiency may be decreased.

Hereinafter, the method for efficiently performing
PUCCH power control in consideration of the simultaneous
PUCCH-and-PUSCH transmission mode will be described.
The following description will focus upon the method of
correcting h(*) according to the UL signal transmission
scenario of Equation 17.

If the simultaneous transmission of the PUCCH and
PUSCH is configured, the UL transmission scenario is as
follows:

(1) If the PUCCH format 3 signal for HARQ-ACK and
the PUSCH signal are simultaneously transmitted on a
non-SR subframe, the PUSCH signal may include data (e.g.,
UL-SCH transport block) or only a CSI.

(2) If the PUCCH format 3 signal for HARQ-ACK and
the PUSCH signal are simultaneously transmitted on the SR
subframe, the PUSCH signal may include data (e.g., UL-
SCH transport block) or only a CSI.

In case of (1), the SR bit is not included in the control
information for the PUCCH format 3. Accordingly, h(¢) for
power control of the PUCCH may be determined by using
the following equation.

RHARQ + 1SR — 1 _ THARQ +0-1 Equation 18

2 2

h()=

In case of (2), the following case will be considered in
consideration of the SR.

i) The HARQ-ACK and SR may be transmitted through
the PUCCH format 3 and only the CSI may be transmitted
through the PUSCH. In this case, since the SR bit is a valid
value indicating actual SR information, it is possible to
perform power control of the PUCCH in consideration of the
SR bit. In this case, h(*) for power control of the PUCCH
may be determined by using the following equation.

nyarg +nsg =1 npapg +1-1 Equation 19

2 2

h(-)=

i1) The HARQ-ACK and SR may be transmitted through
the PUCCH format 3 and the UL-SCH transport block (e.g.,
BSR or data) may be transmitted through the PUSCH. In this
example, the SR bit may be used to indicate actual SR
information, regardless of whether the UL-SCH transport
block is transmitted on the SR subframe. In this example, if
the UL-SCH transport block is transmitted on the SR
subframe, the SR bit indicates a value (e.g., 0) always
indicating a negative SR. Accordingly, if the UL-SCH
transport block is present on the SR subframe, the SR bit in
the PUCCH signal may be used to check error of the control
information transmitted through the PUCCH. Since the SR
bit carries valid information, h(¢) for power control of the
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PUCCH may be determined by using the following equa-
tion.

_ Mparg + 1SR = 1 _ Myagg + 1-1 Equation 20

() 2 2

iii) The HARQ-ACK and SR may be transmitted through
the PUCCH format 3 and the UL-SCH transport block (e.g.,
BSR or data) may be transmitted through the PUSCH. In this
example, the SR bit may be treated as a dummy bit without
information. That is, if the UL-SCH transport block is not
present on the SR subframe, the SR bit included in the
PUCCH indicates an actual SR bit (that is, actual SR
information or valid bit). In this case, the MAC layer of the
UE signals SR indication information to the PHY layer and
the PHY layer sets the value of the SR bit according to the
SR indication information. The case where the UL-SCH
transport block is not present on the SR subframe also
includes the case where the CSI only PUSCH is transmitted
on the SR subframe (that is, an aperiodic CSI without a
UL-SCH transport block). In contrast, if the UL-SCH trans-
port block is present on the SR subframe, the SR bit included
in the PUCCH signal indicates a dummy bit (that is, dummy
information or invalid bit). In this case, the MAC layer may
not signal the SR indication information to the PHY layer.
Instead, the PHY layer may set the SR bit to a dummy value,
depending on whether or not a condition is satisfied. The
dummy bit may have a predetermined value. For example,
the dummy bit may be set to a predetermined value of 0 or
1 and may be preferably set to 0.

More specifically, control information generated by mul-
tiplexing a HARQ-ACK bit stream [by b, .. . b,, ;] and an
SR bit s, may be transmitted through the PUCCH format 3
and a UL-SCH transport block (e.g., BSR or data) may be
transmitted through the PUSCH. Multiplexing of the
HARQ-ACK bit stream and the SR bit includes attaching the
SR bit s, to the end (or the front) of the HARQ-ACK bit
stream [by b, ... b,,_;] so as to generate [by b, ... b,,_; 5]
and performing coding (that is, joint coding). In this
example, the SR bit functions as a bit fixedly inserted for
avoiding ambiguity of the control information size. The SR
bit is set to a predetermined value (e.g., 0 or 1 and preferably
0) and the eNB may ignore the SR bit when decoding the
control information. Instead, the eNB may determine
whether or not the SR of the UE is triggered according to
presence/absence of the UL-SCH transport block (e.g., BSR
or data) of the PUSCH signal.

As described above, in this example, since the SR bit does
not indicate actual SR information, the SR bit may not be
considered during power control. In other words, if the
PUCCH and the PUSCH are simultaneously transmitted on
the SR subframe, the HARQ-ACK and the dummy SR may
be transmitted through the PUCCH format 3 and the UL-
SCH transport block (e.g., BSR or data) may be transmitted
through the PUSCH. h(*) for power control of the PUCCH
may be determined by the following equation.

_ Mparg + 1SR = 1 _ Myagg + 0-1 Equation 21

hC-) 2 2

In this example, unlike Equation 17, since power control
of the PUCCH is performed by ngz=0, not by ng =1, even
in the SR subframe, power efficiency for UL transmission
can be increased. In this example, ng; may indicate the
number of valid SR bits (SR bits having actual information).
In addition, if the HARQ-ACK is transmitted on the SR
subframe through the PUCCH format 3, the decoding effi-
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ciency of the eNB may be increased by always equally
maintaining the payload size of the control information
using the dummy SR bit.

iv) The HARQ-ACK may be transmitted through the
PUCCH format 3 and the UL-SCH transport block (e.g.,
BSR or data) may be transmitted through the PUSCH. In this
example, the SR bit is dropped. That is, if the payload size
of the control information included in the PUCCH signal is
N when the UL-SCH transport block is not present on the SR
subframe, the payload size of the control information
included in the PUCCH signal becomes N-1 when the
UL-SCH transport block is present on the SR subframe.

Since the SR bit is not transmitted, although the PUCCH
is transmitted on the SR subframe, unlike Equation 17,
power control of the PUCCH is performed by ngz=0, not by
ng.=1. Accordingly, h(*) for power control of the PUCCH
may be determined by the following equation.

_ THARQ +nsg —1 _ THARQ +0-1 Equation 22

)= 2 - 2

The above-described method may be generalized as fol-
lows regardless of the configuration of the simultaneous
PUCCH-and-PUSCH transmission mode.

_ Nuarg +nsg =1 Equation 23

) 2

If the PUCCH format 3 signal is transmitted on a non-SR
subframe, ngz=0.

If the PUCCH format 3 signal is transmitted on an SR
subframe,

if the UL-SCH transport block is not present, ngz=1, and

if the UL-SCH transport block is present, nz=1 (Equation

20) and ngz=0 (Equations 21 to 22).

FIG. 31 shows a process of transmitting control informa-
tion via a PUCCH according to an embodiment of the
present invention.

Referring to FIG. 31, an eNB transmits a PDCCH and a
PDSCH corresponding thereto to a UE (S3102). At least one
of the PDCCH and the PDSCH may be received on one
SCell. Thereafter, the UE generates control information for
transmission through the PUCCH format 3. The control
information includes HARQ-ACK information for the
PDSCH. If the HARQ-ACK is transmitted on the SR
subframe, the control information further includes an SR bit.
The SR bit is attached to the end (or the front) of the
HARQ-ACK bit stream and the SR bit and the HARQ-ACK
bit stream are joint-coded. The PUCCH format 3 signal is
generated from the control information through the process
shown in FIG. 29. The UE sets PUCCH transmit power for
PUCCH transmission (S3104) and transmits the PUCCH
format 3 signal to the eNB through a power control process,
etc. (S3106).

In this example, if the PUCCH format 3 signal is trans-
mitted on the SR subframe, transmit power for PUCCH
transmission is set in consideration of whether or not the
UL-SCH transport block associated with the SR subframe is
present. For example, the transmit power setting method of
Equation 17 is used and h(*) may be replaced with Equation
23 in consideration of whether or not the UL-SCH transport
block associated with the SR subframe is present. The SR
subframe indicates the subframe configured for SR trans-
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mission. The SR subframe is configured by a higher layer
(e.g., RRC) and may be specified by a period/offset.

FIG. 32 is a diagram showing a BS and a UE applicable
to the present invention.

Referring to FIG. 32, a wireless communication system
includes a BS 110 and a UE 120. The BS 110 includes a
processor 112, a memory 114 and a radio frequency (RF)
unit 116. The processor 112 may be configured to implement
the procedures and/or methods proposed by the present
invention. The memory 114 is connected to the processor
112 so as to store a variety of information associated with the
operation of the processor 112. The RF unit 116 is connected
to the processor 112 so as to transmit and/or receive a RF
signal. The UE 120 includes a processor 122, a memory 124
and a RF unit 126. The processor 122 may be configured to
implement the procedures and/or methods proposed by the
present invention. The memory 124 is connected to the
processor 122 so as to store a variety of information asso-
ciated with the operation of the processor 122. The RF unit
126 is connected to the processor 122 so as to transmit
and/or receive a RF signal. The BS 110 and/or the UE 120
may have a single antenna or multiple antennas.

The aforementioned embodiments are achieved by com-
bination of structural elements and features of the present
invention in a predetermined type. Each of the structural
elements or features should be considered selectively unless
specified separately. Each of the structural elements or
features may be carried out without being combined with
other structural elements or features. Also, some structural
elements and/or features may be combined with one another
to constitute the embodiments of the present invention. The
order of operations described in the embodiments of the
present invention may be changed. Some structural elements
or features of one embodiment may be included in another
embodiment, or may be replaced with corresponding struc-
tural elements or features of another embodiment. More-
over, it will be apparent that some claims referring to
specific claims may be combined with another claims refer-
ring to the other claims other than the specific claims to
constitute the embodiment or add new claims by means of
amendment after the application is filed.

The embodiments of the present invention have been
described based on the data transmission and reception
between the base station and the user equipment. A specific
operation which has been described as being performed by
the base station may be performed by an upper node of the
base station as the case may be. In other words, it will be
apparent that various operations performed for communica-
tion with the user equipment in the network which includes
a plurality of network nodes along with the base station can
be performed by the base station or network nodes other than
the base station. The base station may be replaced with terms
such as a fixed station, Node B, eNode B (eNB), and access
point. Also, the user equipment may be replaced with terms
such as mobile station (MS) and mobile subscriber station
(MSS).

The embodiments according to the present invention can
be implemented by various means, for example, hardware,
firmware, software, or their combination. If the embodiment
according to the present invention is implemented by hard-
ware, the embodiment of the present invention can be
implemented by one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, microcontrollers, microprocessors,
etc.
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If the embodiment according to the present invention is
implemented by firmware or software, the embodiment of
the present invention may be implemented by a type of a
module, a procedure, or a function, which performs func-
tions or operations described as above. A software code may
be stored in a memory unit and then may be driven by a
processor. The memory unit may be located inside or outside
the processor to transmit and receive data to and from the
processor through various means which are well known.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a terminal, a BS or
another device of a wireless mobile communication system.
More specifically, the present invention is applicable to a
method and apparatus for transmitting uplink control infor-
mation.

What is claimed is:
1. A method of transmitting a physical uplink control
channel (PUCCH) signal by an apparatus in a wireless
communication system operating in a time division duplex
(TDD) mode, the method comprising:
generating the PUCCH signal including one or more
hybrid automatic repeat request acknowledgement
(HARQ-ACK) bits and a scheduling request (SR) bit
when HARQ-ACK transmission is coincide with a
subframe #n configured for SR transmission; and

setting transmit power for the PUCCH signal by using the
following equation:

nrarg + sk — 1

By = .

where, ny,», is a sum of the numbers of one or more
transport blocks and zero or one semi-persistent sched-
uling (SPS) release physical downlink control channel
(PDCCH) received in subframe #n-k,, over two or
more configured cells, k,,EK:{kyk;, . . . Ky, }, and
O=m=M-1,
ne, is 1 if the subframe #n does not have any associated
transport block for an uplink shared channel (UL-SCH)
and is 0 if the subframe #n has an associated transport
block for the UL-SCH.
2. The method of claim 1, wherein the transmit power for
the PUCCH signal at the subframe #n is determined by using
the following equation:

Ppyccn (i) =

. {PCMAX,c(i)a }
IMin: .
Po_pucen + PLc+ h(-) + Ap_pycen(F) + Arep(F7) + g(i)

where, P, -cg(1) denotes transmit power for the
PUCCH, Pp4x.(i) denotes maximum transmit power
configured for a serving cell ¢, Py pr o denotes a
parameter configured by a higher layer, PL_ denotes a
downlink path loss estimation value of the serving cell
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¢, Ar pycen(F) denotes a value corresponding to a
PUCCH format, A, (F') denotes a value configured
by the higher layer or 0, and g(i)denotes a current
PUCCH power control adjustment state.

3. The method of claim 1, wherein a size of the one or
more HARQ-ACK bits is fixed in accordance with the
number of the two or more configured cells.

4. The method of claim 1, wherein the SR bit is attached
to the end of the one or more HARQ-ACK bits.

5. The method of claim 1, wherein the one or more
HARQ-ACK bits and the SR bit are joint-coded.

6. The method of claim 1, wherein the apparatus is
configured with a simultaneous PUCCH-and-physical
uplink shared channel (PUSCH) transmission mode.

7. An apparatus configured to transmit a physical uplink
control channel (PUCCH) signal in a wireless communica-
tion system operating in a time division duplex (TDD)
mode, the apparatus comprising:

a radio frequency (RF) unit; and

a processor configured

to generate the PUCCH signal including one or more
hybrid automatic repeat request acknowledgement
(HARQ-ACK) bits and a scheduling request (SR) bit
when HARQ-ACK transmission is coincide with a
subframe #n configured for SR transmission, and

to set transmit power for the PUCCH signal by using
the following equation:

Ryaro +nsg — 1

W)= .

where, Nz, is a sum of the numbers of one or more
transport blocks and zero or one semi-persistent sched-
uling (SPS) release physical downlink control channel
(PDCCH) received in subframe #n-k,, over two or
more configured cells, k, EK:{kk,, . . . k,, ,}, and
O=m=M-1,
ngp is 1 if the subframe #n does not have any associated
transport block for an uplink shared channel (UL-SCH)
and is O if the subframe #n has an associated transport
block for the UL-SCH.
8. The apparatus of claim 7, wherein the transmit power
for the PUCCH signal at the subframe #n is determined by
using the following equation:

Ppyccn(D) =

. { Pemax,e(D), }
IMin: .
Po_pucen + PLe+ h(-) + Ap_pycen(F) + App(F7) + g(i)

where, Pp.-cg(1) denotes transmit power for the
PUCCH, P4 (i) denotes maximum transmit power
configured for a serving cell ¢, P, 5 -y denotes a
parameter configured by a higher layer, PL_ denotes a
downlink path loss estimation value of the serving cell
¢, Ar pycen(F) denotes a value corresponding to a
PUCCH format, A ,(F") denotes a value configured
by the higher layer or 0, and g(i) denotes a current
PUCCH power control adjustment state.

9. The apparatus of claim 7, wherein a size of the one or
more HARQ-ACK bits is fixed in accordance with the
number of the two or more configured cells.

10. The apparatus of claim 7, wherein the SR bit is
attached to the end of the one or more HARQ-ACK bits.
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11. The apparatus of claim 7, wherein the one or more
HARQ-ACK bits and the SR bit are joint-coded.

12. The apparatus of claim 7, wherein the apparatus is
configured with a simultaneous PUCCH-and-physical
uplink shared channel (PUSCH) transmission mode. 5
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